INTRODUCTION
============

Animal nutritionists have been attempting to manipulate rumen fermentation not only in order to improve fibre digestibility, but also to reduce CH~4~ emissions and N excretion ([@b42-ajas-26-8-1127-9]). It was reported that the use of synthetic antibiotics as feed additives have been proven to be a useful way in reducing energy and N losses in ruminants ([@b33-ajas-26-8-1127-9]). However, antibiotic feed additives have caused public concern due to the potential of residues in milk and meat production. Since synthetic antibiotics as feed additives were banned by the European Union in 2002 ([@b45-ajas-26-8-1127-9]), scientists have been interested in evaluating the potential of natural antimicrobials, such as herbs and plant extracts, which have been used for centuries for various purposes in human diets. These plant or herb extracts (garlic oil or lemongrass powder) have been shown to manipulate ruminal fermentation and improve nutrient utilization in ruminants ([@b8-ajas-26-8-1127-9]; [@b42-ajas-26-8-1127-9]; [@b55-ajas-26-8-1127-9]).

Plant herbs such as garlic (*Allium sativum*), lemongrass (*Cymbopogon citrates, DC. Stapf.*) and peppermint (*Mentha* ×*piperita*) are widely used as antibacterial agents and extensively used to maintain the microbial ecosystem of the gastrointestinal tract especially in tropical regions. Garlic has been studied as aqueous or ethanol extracts or as a dried powder ([@b48-ajas-26-8-1127-9]) as it contains a high level of organosulfur compounds such as *allicin*, *ajoene*, *S-allylcysteine*, *diallyl disulfide*, *S-methylcysteine sulfoxide and S-allylcysteine* ([@b14-ajas-26-8-1127-9]). Studies with garlic as an alternative growth promoter in livestock production reported improved growth rate, digestibility and carcass traits ([@b4-ajas-26-8-1127-9]; [@b49-ajas-26-8-1127-9]; [@b28-ajas-26-8-1127-9]). Lemongrass and peppermint have been reported as feed additives to improve production performance of beef and dairy cattle ([@b8-ajas-26-8-1127-9]; [@b23-ajas-26-8-1127-9]; [@b59-ajas-26-8-1127-9]) and to enhance rumen fermentation efficiency ([@b55-ajas-26-8-1127-9]; [@b56-ajas-26-8-1127-9]; [@b27-ajas-26-8-1127-9]). Nevertheless, there is little information on effect of garlic, lemongrass or peppermint in combination as feed additives on rumen microbial fermentation and ecology.

Therefore, the aim of this study was to evaluate supplementation of these herb combinations on feed intake, digestibility, rumen fermentation and urinary purine derivative excretion using crossbred beef cattle fed rice straw.

MATERIALS AND METHODS
=====================

Experimental design, diets and animals management
-------------------------------------------------

Four rumen fistulated crossbred beef cattle of 434±48 kg body weight (BW) were randomly assigned to a 4×4 Latin square design experiment to receive one of four of dietary treatments as: without herb (Control), lemongrass meal supplementation at 100 g/d (L), lemongrass meal supplementation at 100 g/d plus peppermint powder at 10 g/d (LP), and lemongrass meal supplementation at 100 g/d plus peppermint powder at 10 g/d and garlic powder at 40 g/d (LPG). All herbs used in this experiment were the variety from Sisaket province, Thailand. Garlic powder was prepared using Chinese garlic (Kratium Jin, Thai language), harvested at the age of 120 d after planting, while lemongrass was harvested at 90 d. Raw garlic and lemongrass were chopped, sun-dried, milled through screen of 0.5 cm and then oven dried at 50°C before grinding through a 1 mm screen. Peppermint (Kitchen mint, *Melissa officinalis*) was sun-dried and ground through a 1 mm screen. All herds were planted on farm, collected and prepared for the entire experiment in advance.

All cattle were housed in individual pens (3×5 m) and fed concentrate at 5 g/kg BW with urea treated rice straw (UTRS) fed *ad libitum* twice daily at 06:00 and 14:00 h. The UTRS was prepared by adding 5 kg of urea in 100 L of water which was poured over to 100 kg of air dry rice straw, sprayed onto a stack of 5 rice straw bales (approximately 20 kg/bale) and then covered with a plastic sheet for a minimum of 10 d before feeding ([@b57-ajas-26-8-1127-9]).

Fresh clean water and mineral blocks ([Table 1](#t1-ajas-26-8-1127-9){ref-type="table"}) were available at all time. Intake of concentrate and rice straw were measured separately and refusals were recorded daily. The experiment was conducted for four periods and each of the four periods lasted for 21 d in length, with the first 14 d as feed adaptation and intake measurement, while the last 7 d for sample collection as animals were moved to metabolism crates for total collection method.

Data collection and sampling procedures
---------------------------------------

Feed samples were collected twice a week for DM analysis. During the last 7 d of each period, samples of the concentrate mixture, UTRS, refusals, feces and urine were collected daily. Each of the feed samples during the collection days were pooled by period while feces and urine samples were pooled by each animal in each period and stored at −20°C for later chemical analyses. All samples were divided into two parts, which the first was for DM analyses, while the second was kept for analyses of ash, CP, EE, aNDF and ADF. Urine samples were analyzed for total N and allantoin concentrations.

At the end of each period, rumen fluid was collected at 0, 2, 4 and 6 h post feeding. Approximate 200 ml of rumen fluid were taken from the middle part of the rumen using a 60 ml hand syringe connected to a tube. Rumen fluid was immediately measured for pH using a portable pH meter (HANNA instrument HI 8424 microcomputer, Singapore). Rumen fluid samples were filtrated through 4 layers of cheesecloth and subsamples were divided into 3 portions; the first 45 ml was transferred to a plastic bottle to which 5 ml of 1 M H~2~SO~4~ had been added to stop microbial fermentation and then centrifuged at 3,000×g for 10 min. About 25 ml of supernatant were collected and analyzed for NH~3~-N and total VFA (TVFA). The second portion was 1 ml of rumen fluid which was transferred to a plastic bottle to which 9 ml of 10 ml/L formalin solution (1:9 v/v, rumen fluid: 10 ml/L formalin) had been added and then stored at 4°C for measurement of bacteria, fungal zoospores and the protozoal population. The third portion (10 ml) was used for viable bacteria count (cellulolytic, proteolytic, amylolytic and total viable bacteria).

A 10 ml blood sample was drawn from the jugular vein at the same time as rumen fluid was collected. Blood samples were immediately placed on ice and transported to the laboratory and refrigerated at 4°C for 1 h. Blood plasma was separated from the whole blood by centrifuge at 3,500×g for 20 min. Plasma was collected and stored at −20°C for later blood urea N (BUN) analysis.

Analytical procedures
---------------------

Feeds, refusals and fecal samples were dried at 60°C and ground through a 1 mm screen using a Cyclotech Mill, (Tecator, Sweden) and then analyzed using standard methods of [@b3-ajas-26-8-1127-9] for DM (ID 967.03), ash (ID 942.05) and EE (ID 954.02). Acid detergent fiber was determined according to the AOAC method ([@b3-ajas-26-8-1127-9]; ID 973.18) and expressed inclusive of residual ash. The aNDF was estimated according to [@b51-ajas-26-8-1127-9] with addition of α-amylase, but without sodium sulphite, and the results were expressed with residual ash. Total N was determined according to AOAC ([@b3-ajas-26-8-1127-9]; ID 984.13).

Ruminal NH~3~-N concentration was analyzed by Kjeltech Auto 1030 Analyzer ([@b3-ajas-26-8-1127-9]; ID 973.18), while ruminal VFA production was analyzed using High Pressure Liquid Chromatography (HPLC, Water and Novapak model 600E; water mode l484 UV detector; column novapak C18; column size 3.9 mm×300 mm; mobile phase 10 mM H~2~PO~4~ (pH 2.5)) according to [@b46-ajas-26-8-1127-9]. Rumen fluid was used for total direct counts of bacterial, protozoa and fungal zoospores using methods of [@b19-ajas-26-8-1127-9] by haemacytometer (Boeco, Singapore). The fluid sample was diluted using autoclave distilled water as a medium by 100, 10, and 10 times, and counted using 10×40, 10×40, and 10×10 ocular×objective of a microscope for bacteria fungal zoospores and protozoa, respectively, according to the method of [@b19-ajas-26-8-1127-9]. Groups of bacteria (*i.e*., cellulolytic, proteolytic, amylolytic and total viable bacteria counts) were measured using the [@b24-ajas-26-8-1127-9] roll-tube technique. Total viable counts of bacteria were determined in roll tubes on a complete medium ([@b21-ajas-26-8-1127-9]), while numbers of cellulolytic bacteria were estimated as the most probable number using cellulose medium ([@b21-ajas-26-8-1127-9]). In addition, while the population of proteolytic bacteria were determined using casein medium, the population of amylolytic bacteria were estimated using starch medium ([@b21-ajas-26-8-1127-9]). Culture methods were based on those described by [@b24-ajas-26-8-1127-9]. The blood urea nitrogen (BUN) was measured according to [@b15-ajas-26-8-1127-9].

During last 7 d of each period, urine was collected twice daily. To avoid N losses, urine was collected in a container acidified with 3 mol/L sulphuric acid. Urinary allantoin was determined by HPLC ([@b13-ajas-26-8-1127-9]). The amount of microbial purine absorbed was calculated from urinary purine derivative (PD) excretion according to [@b3-ajas-26-8-1127-9] as: Y = 0.85X+0.385BW^0.75^.

The supply of microbial N was estimated as: Microbial N (MN) (g/d) = X×70/(0.116×0.83×1,000) = 0.727×X where: X and Y are absorption and excretion of PD in mmol/d, respectively. Efficiency of microbial N synthesis (EMNS) was calculated as: EMNS = MN (g/d)/DOMR where: DOMR = apparently digested OM in the rumen (650 g/kg digestible OM intake).

Statistical analysis
--------------------

All data were analyzed according to a 4×4 Latin square design using the [@b47-ajas-26-8-1127-9] GLM procedure according to the model: Y*~ijk~* = μ+M*~i~*+A*~j~*+P*~k~*+ε*~ijk~*; where: Y*~ijk~*, observation from cattle *j*, receiving diet *i*, in period *k*; μ, the overall mean; M*~i~*, effect of herbs supplementation (*i* = 1, 2, 3, 4), A*~j~*, the effect of cattle (*j* =1, 2, 3, 4), P*~k~*, the effect of period (*k* = 1, 2, 3, 4), and ε*~ijk~* residual effect. Main effects of treatment, cattle and period were included in the model with the residual used as the error term. Results are presented as mean values with the standard error of the means. Orthogonal contrasts were used to compare treatment means of control verses supplemented groups and type of supplementation.

RESULTS
=======

Chemical composition of feed
----------------------------

Experimental feed and their chemical compositions are shown in [Table 1](#t1-ajas-26-8-1127-9){ref-type="table"}. The mixture of concentrate, consisting of available local feeds such as energy source (cassava chips), protein sources (rice bran, coconut meal and palm kernel meal) and non-protein N (urea), had a higher quality in terms of CP and were low in fiber (141 and 198 g/kg DM, respectively). The mean CP level of G was the highest among all herbs followed by L and P (180, 14 and 12 g/kg DM, respectively). Meanwhile, both G and L contained a much higher level of aNDF as well as ADF when compared with P. However, there was a similarity of EE contained in all herbs. On the other hand, the nutritive value of rice straw was improved by urea treatment. The UTRS contained CP at 74 g/kg and fiber fraction at 716 and 526 g/kg; aNDF and ADF, respectively.

Rumen fermentation and blood metabolites
----------------------------------------

The effects of various herb supplementation in the concentrate diet on rumen fermentation and blood metabolites are presented in [Table 2](#t2-ajas-26-8-1127-9){ref-type="table"}. The results showed that ruminal pHs were not affected by herb supplement and were at pH = 6.5 to 6.9. However, there was a tendency to increase ruminal pH as animals were supplemented with herds (p = 0.06), especially in herb combination treatment (LPG). On the other hand, ruminal NH~3~-N and BUN concentration were significantly decreased by herb supplements (p\<0.05). All herb supplemented treatments (L, LP and LPG) had lower concentrations of NH~3~-N and BUN (18.3 to 21.2 and 9.5 to 11.2 mg/dl, respectively) than in the control treatment (22.8 and 13.4 mg/dl, respectively). However, there was no difference among the three herb supplements on NH~3~-N and BUN. In this study, there were no significant differences (p\>0.05) in total VFA and C4 concentration when animals were supplemented with and without herbs. In contrast, while C2 concentration was significantly decreased by herb supplementation (p = 0.02), C3 concentration was slightly increased (p = 0.04). As a consequence, the C2:C3 ratio was decreased in herb supplementation. In addition, based on the calculation, methane production (CH~4~) was lower in herb supplemented treatments as compared to control (p = 0.04) and tended to show the lowest value in the herb combination group (LPG = 27.9 ml/100 ml) (p = 0.05).

Rumen microorganism population
------------------------------

As shown in [Table 3](#t3-ajas-26-8-1127-9){ref-type="table"}, bacterial and protozoal counts were found to be different (p\<0.05) between all treatments while fungal zoospores were not affected by herb supplementation (p\>0.05). The treatments with herb supplementation had lower ruminal protozoal and bacterial populations than control. Moreover, viable total bacterial count and proteolytic bacteria were decreased by herb supplements (p\<0.05) while cellulolytic and amylolytic bacteria were similar among treatments (p\>0.05). The herb supplemented treatments were lower in total bacterial count and proteolytic bacteria as compared to the control treatment. The lowest values were observed in herb combination groups (LP and LPG). However, cellulolytic and amylolytic bacteria were not affected and ranged at 2.0--3.8×10^8^ and 7.2--9.1×10^7^ cell/ml, respectively.

Feed intake and apparent nutrient digestibility
-----------------------------------------------

[Table 4](#t4-ajas-26-8-1127-9){ref-type="table"} presents the data on daily feed intakes and nutrient digestibility as affected by herb supplementation. There was no significant difference among treatments on roughage and concentrate intake; thus resulting in a similarity of total feed intake (p\>0.05) and the values were stable at 7.1 to 7.5, 2.1 to 2.2 and 9.3 to 9.6 kg/d, respectively. Moreover, there were no significant differences in apparent digestibility of DM, OM, aNDF and ADF among treatments (p\>0.05) while CP digestibility was different (p\<0.05). Digestibility of CP was the highest in the L supplemented treatment (0.65 kg/kg) and the lowest was found in the LPG supplemented group (0.53 kg/kg).

Nitrogen utilization and purine derivatives
-------------------------------------------

There were no differences among all treatments on total N intake (p\>0.05) and the values ranged from 133.7 to 136.2 g/d ([Table 5](#t5-ajas-26-8-1127-9){ref-type="table"}). Moreover, fecal N was not affected by herb supplements while urinary N was decreased in herb supplemented groups, especially in the herb combination (p\<0.05). The lowest value of urinary N was in LPG (19.7 g/d) while the highest was in control (32.9 g/d). Furthermore, the results revealed a significant increase in N balance (both absorption and retention) in all herb supplemented treatments (p\<0.05). The highest values of N absorption and retention were in L treatment; 94.4 and 73.3 g/d, respectively. There were no differences of allantoin excretion and absorption among treatments (p\>0.05). In addition, microbial N supply (MNS) and efficiency of microbial N synthesis (EMNS) were not influenced by herb as compared to the control (p\>0.05).

DISCUSSION
==========

Chemical composition of feed
----------------------------

Concentrate mixture was formed using available local feed resources and was well consumed by all animals during the whole experimental periods. Rice straw contained low CP and high non-structural carbohydrate as reported by [@b57-ajas-26-8-1127-9]. However, the nutritive value of rice straw had been improved by urea treatment in this study up to 74 g/kg DM. Moreover, urea treatment could decrease the proportion of aNDF and ADF content in rice straw to 716 and 526 g/kg DM, respectively. These values were similar to those in earlier reports by [@b57-ajas-26-8-1127-9] and [@b30-ajas-26-8-1127-9] where 5% urea treatment was used to improve the nutritive values of rice straw. On the other hand, the mean CP level of G was the highest among all herbs following by L and P (180, 14 and 12 g/kg DM, respectively). These values were similar to the report of [@b55-ajas-26-8-1127-9], [@b56-ajas-26-8-1127-9]), but the CP of G was slightly lower than the value reported by [@b27-ajas-26-8-1127-9] (229 g/kg), possibly due to the difference between variety and age of the herbs. Meanwhile, both G and L contained a much higher level of aNDF as well as ADF when compared with P. It was similar to those reported by [@b55-ajas-26-8-1127-9], [@b56-ajas-26-8-1127-9]) and [@b27-ajas-26-8-1127-9].

Rumen fermentation and blood metabolites
----------------------------------------

In the present finding, ruminal pH tended to be increased in the herb supplemented groups. However, it was in contrast to the finding of [@b59-ajas-26-8-1127-9] and [@b55-ajas-26-8-1127-9], [@b56-ajas-26-8-1127-9]) who reported that ruminal pH was not affected by garlic powder or lemongrass meal supplementation while other researchers have observed that peppermint supplementation decreased ruminal pH ([@b2-ajas-26-8-1127-9]; [@b22-ajas-26-8-1127-9]). Moreover, this study revealed that NH~3~-N and BUN concentrations were significantly decreased by herb supplementation, which was consistent with the finding of [@b2-ajas-26-8-1127-9] and [@b7-ajas-26-8-1127-9]. However, ruminal NH~3~-N concentrations in the present study were in normal range as reported by [@b54-ajas-26-8-1127-9]. Supplementation with lemongrass and garlic powder decreased ruminal NH~3~-N and plasma urea N in the study of [@b55-ajas-26-8-1127-9], [@b56-ajas-26-8-1127-9]). Similarly, supplementation of essential oil from peppermint herb or high essential oil at 3,000 mg/L significantly decreased NH~3~-N concentration ([@b2-ajas-26-8-1127-9]; [@b7-ajas-26-8-1127-9]). Ruminal NH~3~-N is a major source of N for microbial protein synthesis ([@b6-ajas-26-8-1127-9]; [@b17-ajas-26-8-1127-9]). Moreover, decreasing rumen NH~3~-N concentrations also resulted in decreasing concentrations of plasma urea N. Concentrations of plasma urea N are highly correlated with the concentration of NH~3~ production in the rumen ([@b44-ajas-26-8-1127-9]; [@b29-ajas-26-8-1127-9]). It could be due to the effect of essential oil contained in each herb used in this study, which affected microbial growth and fermentation. Therefore, in the present result the proteolytic bacterial number was decreased with herb treatments. There is considerable evidence that essential oils may affect rumen microbial fermentation ([@b34-ajas-26-8-1127-9]; [@b32-ajas-26-8-1127-9]). [@b53-ajas-26-8-1127-9] suggested that the main mechanism of action of essential oils was the inhibition of bacterial attachment to feed particles, and subsequently, NH~3~ production (deamination) from AA decreased. This effect was mediated by the effects of essential oils particularly on hyper-NH~3~-producing bacteria. [@b32-ajas-26-8-1127-9] reported that addition of essential oils resulted in a reduction in the number and diversity of hyper-NH~3~-producing bacteria, resulting in decreased rate of NH~3~ production from AA. Reduction in protein degradation suggests that at least a part of the effects of essential oils can be attributed to decreased proteolysis ([@b36-ajas-26-8-1127-9]). A decrease in ruminal NH~3~-N and BUN could provide ruminal by-pass protein as an alteration effect of rumen deamination ([@b52-ajas-26-8-1127-9]; [@b38-ajas-26-8-1127-9]; [@b10-ajas-26-8-1127-9]). Generally, when proteins can be protected from ruminal deamination, ammonia declines and ruminants would have more amino acids available in the lower gut. Moreover, this agrees with the finding of [@b9-ajas-26-8-1127-9] who reported that garlic oil used in continuous culture reduced NH~3~-N, but increased peptide and amino acid N concentrations which suggested that the deamination was inhibited.

The results in this study did not show any significant difference in total VFA and C4 concentration while C2 was decreased and C3 was increased by herb supplementation. Similar to the present result, [@b56-ajas-26-8-1127-9] found that the use of G alone as a supplement did not affect total VFA, but increased C3 concentration. Moreover, [@b2-ajas-26-8-1127-9], [@b22-ajas-26-8-1127-9] and [@b55-ajas-26-8-1127-9] also reported that supplementation of L in the diets did not change the VFA concentration. This was also supported by the finding of [@b8-ajas-26-8-1127-9] who have shown that garlic oil supplementation decreased C2, but increased C3 as found in the present study. In the present study, the total bacterial population was changed by herb supplement without an affect on total VFA production. This could be due to many essential oils having dose-dependent effects on bacteria, protozoa, and fungi ([@b20-ajas-26-8-1127-9]). However, gram-positive bacteria appeared to be more susceptible to inhibition by plant essential oil compounds than did gram-negative bacteria ([@b16-ajas-26-8-1127-9]). Therefore, there was no effect on fiber digestion due to the gram-negative bacteria playing the major role in fiber digestion. This means there was no effect on VFA production by herb supplementation. The lack of an effect of essential oils has been related to the presence of an outer membrane on gram-negative organisms, which endows them with a hydrophilic surface that acts as a strong impermeability barrier ([@b39-ajas-26-8-1127-9]). Meanwhile, [@b22-ajas-26-8-1127-9] reported the same result as the present finding that supplementation of peppermint in early lactating dairy cows had no effect on TVFA. On the other hand, herb supplementation reduced CH~4~ and this was similar to the finding of [@b27-ajas-26-8-1127-9]. Moreover, [@b1-ajas-26-8-1127-9] also found that rumen CH~4~ was reduced in a peppermint oil supplemented group. According to [@b40-ajas-26-8-1127-9], the shift in ruminal VFAs and reduction of CH~4~ would improve rumen fermentation efficiency especially energy economy in the host ruminants.

Rumen microorganism population
------------------------------

In the present result, ruminal protozoa and bacterial populations were decreased by herb supplementation while fungal zoospores were not affected. These findings were consistent with the work of [@b55-ajas-26-8-1127-9] who found that ruminal microbial and total viable count were decreased by the high level of lemongrass supplementation. This may be due to the effects of essential oil from herbs, which changed the diversity of rumen microorganism. Many essential oils have dose-dependent effects on bacteria, protozoa, and fungi ([@b20-ajas-26-8-1127-9]). The correlation between plant extract and protozoa number might be explained by the low capability of permeable properties of their cell membrane. Using peppermint oil or garlic powder diets, [@b1-ajas-26-8-1127-9] and [@b27-ajas-26-8-1127-9] reported that the numbers of protozoa were reduced while cellulolytic bacteria increased. [@b56-ajas-26-8-1127-9] also reported the same result with garlic powder supplementation which tended to decrease the protozoal and bacterial populations, while the fungal zoospore population was not affected. The activity of herbs affects electron transport, ion gradients, protein translocation, phosphorylation steps, and other enzyme-dependent reactions, causing the affected bacteria to lose chemiosmotic control ([@b50-ajas-26-8-1127-9]). In our study, supplementation of herbs decreased bacterial populations, possibly due to decreases of gram-positive bacteria.

Moreover, herb additives had an effect on viable total bacterial counts and proteolytic bacteria in this study. The reduction of proteolytic bacteria in L, LP or LPG supplementation groups was correlated with a lower ruminal NH~3~-N concentration. However, the herb additive showed no effect on the populations of cellulolytic and amylolytic bacteria. Therefore, the present result showed no effect on VFA production and digestibility, especially fiber digestion. Similarly, [@b53-ajas-26-8-1127-9] reported that hyper-NH3-producing bacteria as proteolytic bacteria group were the most sensitive of rumen bacteria to essential oil in pure culture. Protozoal populations were decreased with herb supplementation in the diets especially in herb combination group. In agreement with these observations, [@b2-ajas-26-8-1127-9] reported that supplementation of essential oil from peppermint decreased protozoal population significantly.

Feed intake and apparent digestibility of nutrients
---------------------------------------------------

Herb supplementation had no effect on DMI and nutrient digestibility, except CP, in the present study. This agrees with [@b5-ajas-26-8-1127-9] and [@b59-ajas-26-8-1127-9] who found no change in DMI when dairy cows were fed with the mixture of essential oil compounds or garlic oil. In addition, [@b55-ajas-26-8-1127-9], [@b56-ajas-26-8-1127-9]) found that G and/or L supplementation did not affect DMI of beef cattle as compared to a control group. Similarly, [@b5-ajas-26-8-1127-9] and [@b22-ajas-26-8-1127-9] also support the present finding with their studies that showed DMI did not change with mixtures of essential oil compounds supplemented at 750 mg/d in dairy cows and lemongrass leaf in dairy steers, respectively. In contrast, [@b10-ajas-26-8-1127-9] found that the combination of *cinnamaldehyde* at 18 mg/d and *eugenol* at 90 mg/d reduced total DMI in beef cattle. This contrast to the present study may be due to the use of herb supplementation in the powder and oil form and the concentration of the compound.

The present results of no change of nutrient digestibility were consistent with the previous findings of [@b11-ajas-26-8-1127-9], [@b22-ajas-26-8-1127-9] and [@b55-ajas-26-8-1127-9], [@b56-ajas-26-8-1127-9]) which reported that nutrient digestibility did not change when animals were supplemented with plant herbs. According to [@b8-ajas-26-8-1127-9], true digestibility of DM, OM, aNDF and ADF were not affected by garlic oil supplementation. On the other hand, [@b2-ajas-26-8-1127-9] reported that supplementation with peppermint could increase nutrient digestibility which contrasts with the present findings. In addition, the work of [@b59-ajas-26-8-1127-9] showed that feeding garlic oil to dairy cattle could increase ruminal DM and OM digestibility and [@b27-ajas-26-8-1127-9] showed that garlic powder supplementation at 16 mg/d did affect *in vitro* true digestibility. In the present finings, apparent digestibility of CP tended to decrease in the herb supplemented animals and this was in the agreement with earlier observations which showed that supplementations of lemongrass or garlic powder could decrease CP digestibility ([@b55-ajas-26-8-1127-9], [@b56-ajas-26-8-1127-9]).

Nitrogen utilization and purine derivatives
-------------------------------------------

The total N intake and fecal N excretion were found to be similar in all treatments, but urinary N excretion was decreased in animals supplemented with herbs, especially in the LPG treatment. [@b56-ajas-26-8-1127-9] reported a result similar to the present study in that there was no effect of herb supplementation on N intake as well as N excretion. This was consistent with [@b26-ajas-26-8-1127-9] that endogenous loss from the digestive tract may not be different in each animal; therefore, fecal N in each animal was similar as all animals were fed the same amount diet. Moreover, it was observed that positive N retention and absorption were obtained in the herb supplemented treatments ([@b55-ajas-26-8-1127-9]; [@b56-ajas-26-8-1127-9]) which supports the present result of increasing N absorption and retention in herb treatments, especially L treatment. With regards to N utilization, [@b41-ajas-26-8-1127-9] stated that N excretion and retention should reflect the differences in N metabolism due to N retention being the most important index of the protein nutrition status of ruminants. In contrast to the present result, [@b55-ajas-26-8-1127-9] reported that N utilization in L supplemented and control treatments were not different from each other. This was possibly due to the dose level of supplementation. It has been reported that N excretion through urine was increased due to CP diet and N intake ([@b35-ajas-26-8-1127-9]; [@b43-ajas-26-8-1127-9]) as well as a high RDP ratio in the dietary protein ([@b25-ajas-26-8-1127-9]). Normally, when protein degradation is more rapid than synthesis, ammonia will accumulate in the rumen liquor and is absorbed into the blood then carried to the liver where it is converted to urea and excreted via urine N ([@b31-ajas-26-8-1127-9]).

Meanwhile, herb supplementation did not effect allantoin excretion and absorption, MNS and EMNS in the present study. These absorptions were in agreement with [@b59-ajas-26-8-1127-9] who reported that garlic supplementation in lactating dairy cows had no effect on purine derivatives. The amount of MNS flow from the rumen is a consequence of microbial growth ([@b58-ajas-26-8-1127-9]) and is an indicator of the rumen nitrogen efficiency. Microbial protein synthesis in the rumen provides the majority of protein supplied to the small intestine of ruminants, accounting for 50 to 80% of total absorbable protein ([@b18-ajas-26-8-1127-9]). The sensitivity of protozoa towards essential oils may be explained by the presence of sterols in their cell membranes ([@b20-ajas-26-8-1127-9]). The present result of no effect on purine derivatives is in accord with observations that bacterial populations in roll-tube experiments are not affected by herb supplements. The present data, however, was in contrast with the results of [@b55-ajas-26-8-1127-9] who found lower EMNS in beef cattle supplemented with lemongrass. The type of herb and level of supplementation may have attributed to the variability of results on EMNS and urinary purine derivatives, respectively. However, [@b56-ajas-26-8-1127-9] showed a similar result to the present finding that garlic supplementation did not produce any significant changes in microbial protein synthesis and/or urinary purine derivatives.

CONCLUSIONS AND RECOMMENDATIONS
===============================

Based on this study, it could be concluded that lemongrass and/or in combination with peppermint and garlic powder as rumen additives showed no negative effect of ruminal fermentation characteristics and nutrient utilization. Moreover, lemongrass and/or in combination could decrease protozoal population and methane production and especially increase propionate and N utilization. Therefore, lemongrass and/or combination of peppermint and garlic powder could be used as a rumen additive feed for rumen ecology enhancement.
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###### 

Ingredients and chemical compositions of the concentrate, urea treated rice straw, garlic powder, peppermint powder and lemongrass meals

                                    Concentrate   UTRS[^a^](#tfn1-ajas-26-8-1127-9){ref-type="table-fn"}   G[^b^](#tfn2-ajas-26-8-1127-9){ref-type="table-fn"}   L[^c^](#tfn3-ajas-26-8-1127-9){ref-type="table-fn"}   P[^d^](#tfn4-ajas-26-8-1127-9){ref-type="table-fn"}
  --------------------------------- ------------- -------------------------------------------------------- ----------------------------------------------------- ----------------------------------------------------- -----------------------------------------------------
  Ingredients (g/kg DM)                                                                                                                                                                                                
    Cassava chip                    710                                                                                                                                                                                
    Rice bran                       90                                                                                                                                                                                 
    Coconut meal                    50                                                                                                                                                                                 
    Palm kernel meal                50                                                                                                                                                                                 
    Sulphur                         10                                                                                                                                                                                 
    Mineral mixture                 10                                                                                                                                                                                 
    Molasses                        40                                                                                                                                                                                 
    Urea                            30                                                                                                                                                                                 
    Salt                            10                                                                                                                                                                                 
  Chemical compositions (g/kg DM)                                                                                                                                                                                      
    Dry matter (g/kg)               940           554                                                      932                                                   927                                                   924
    Organic matter                  827           872                                                      964                                                   867                                                   875
    Crude protein                   141           74                                                       180                                                   14                                                    12
    Neutral detergent fibre         198           716                                                      69                                                    650                                                   33
    Acid detergent fibre            84            526                                                      52                                                    427                                                   173
    Ether extract                   26            3                                                        14                                                    16                                                    12
    Essential oil                   \-            \-                                                       3.4                                                   1.6                                                   7.2

Urea treated rice straw.

Garlic powder.

Lemongrass meal.

Peppermint powder.

###### 

Influence of lemongrass, peppermint and garlic supplementation on ruminal pH, blood urea N and rumen fermentation characteristics in cattle

                                                                        Treatment (g/d)[^a^](#tfn5-ajas-26-8-1127-9){ref-type="table-fn"}   SEM     Contrast p                                
  --------------------------------------------------------------------- ------------------------------------------------------------------- ------- ------------ ------- ------ ------ ------ ------
  Ruminal pH                                                            6.54                                                                6.73    6.81         6.90    0.08   0.06   0.13   0.96
  NH~3~-N (mg/dl)                                                       22.8                                                                21.2    18.7         18.3    0.53   0.01   0.09   0.19
  BUN (mg/dl)                                                           13.4                                                                11.2    9.8          9.5     0.73   0.02   0.06   0.34
  Total VFAs (mmol/L)                                                   109.1                                                               105.0   102.0        101.9   2.47   0.51   0.99   0.76
  VFA, mol/100 mol                                                                                                                                                                            
    Acetate (C2)                                                        73.2                                                                70.0    66.7         66.9    0.50   0.02   0.04   0.96
    Propionate (C3)                                                     22.7                                                                22.6    22.8         23.2    0.47   0.04   0.27   0.67
    Butyrate (C4)                                                       13.2                                                                12.4    12.4         11.7    0.28   0.33   0.95   0.75
  C2:C3 ratio                                                           3.2                                                                 3.1     2.9          2.9     0.07   0.01   0.13   0.20
  CH~4~[^c^](#tfn7-ajas-26-8-1127-9){ref-type="table-fn"} (ml/100 ml)   29.3                                                                28.8    28.1         27.9    0.33   0.04   0.05   0.18

C = Control; L = Lemongrass meal; LP = Lemongrass meal and peppermint powder; LPG = Lemongrass meal plus peppermint and garlic powder.

Supplemented diets.

Calculated according to [@b37-ajas-26-8-1127-9] as: CH~4~ production = 0.45 (C2)-0.275 (C3)+0.4 (C4).

###### 

Effect of lemongrass, peppermint and garlic supplementation on populations of rumen microbes

                               Treatment (g/d)[^a^](#tfn8-ajas-26-8-1127-9){ref-type="table-fn"}   SEM   Contrast p                                
  ---------------------------- ------------------------------------------------------------------- ----- ------------ ----- ------ -------- ------ ------
  Ruminal microbes×cell/ml                                                                                                                         
    Bacteria, ×10^11^          7.6                                                                 7.2   3.8          3.1   1.13   \<0.01   0.06   0.10
    Protozoa, ×10^5^           7.8                                                                 5.7   4.8          5.0   0.99   0.04     0.16   0.41
    Fungal zoospores, ×10^4^   8.3                                                                 8.2   9.0          7.9   0.25   0.10     0.56   0.38
  Viable bacteria (CFU/ml)                                                                                                                         
    Total, ×10^10^             5.1                                                                 4.1   1.8          2.2   0.32   0.02     0.07   0.09
    Amylolytic, ×10^7^         9.1                                                                 7.6   7.2          8.0   2.01   0.11     0.54   0.92
    Proteolytic, ×10^7^        10.0                                                                6.3   6.4          5.3   1.21   \<0.01   0.09   0.25
    Cellulolytic, ×10^8^       3.8                                                                 2.0   4.2          3.7   0.78   0.10     0.62   0.73

C = Control; L = Lemongrass meal; LP = Lemongrass meal and peppermint powder; LPG = Lemongrass meal plus peppermint and garlic powder.

Supplemented diets.

###### 

Influence of lemongrass, peppermint and garlic supplementation on dry matter intake and apparent nutrient digestibility

                                   Treatment (g/d)[^a^](#tfn10-ajas-26-8-1127-9){ref-type="table-fn"}   SEM    Contrast p                                
  -------------------------------- -------------------------------------------------------------------- ------ ------------ ------ ------- ------ ------ ------
  Dry matter intake                                                                                                                                      
    UTRS intake                                                                                                                                          
      kg/d                         7.3                                                                  7.3    7.5          7.1    0.06    0.41   0.12   0.13
      g/kg BW^0.75^                77.8                                                                 75.8   80.0         75.5   2.05    0.78   0.55   0.15
    Concentrate intake                                                                                                                                   
      kg/d                         2.1                                                                  2.2    2.1          2.2    0.06    0.98   0.67   0.26
      g/kg BW^0.75^                22.7                                                                 22.9   22.7         22.8   0.15    0.95   0.68   0.26
    Total intake                                                                                                                                         
      kg/d                         9.4                                                                  9.5    9.6          9.3    0.35    0.23   0.15   0.12
      g/kg BW^0.75^                96.8                                                                 99.9   102.2        98.1   2.14    0.54   0.12   0.19
  Apparent digestibility (kg/kg)                                                                                                                         
    Dry matter                     0.61                                                                 0.67   0.60         0.61   0.027   0.32   0.45   0.77
    Organic matter                 0.74                                                                 0.72   0.63         0.65   0.024   0.15   0.39   0.83
    Crude protein                  0.60                                                                 0.65   0.57         0.53   0.064   0.05   0.01   0.62
    Neutral detergent fibre        0.65                                                                 0.69   0.59         0.56   0.013   0.17   0.37   0.85
    Acid detergent fibre           0.54                                                                 0.57   0.54         0.53   0.002   0.14   0.35   0.67

C = Control; L = Lemongrass meal; LP = Lemongrass meal and peppermint powder; LPG = Lemongrass meal plus peppermint and garlic powder.

Supplemented diets.

###### 

Effect of herb dietary on N balance and urinary purine derivatives in cattle

                                                                                                                               Treatment (g/d)[^a^](#tfn12-ajas-26-8-1127-9){ref-type="table-fn"}   SEM     Contrast p                                
  ---------------------------------------------------------------------------------------------------------------------------- -------------------------------------------------------------------- ------- ------------ ------- ------ ------ ------ ------
  N utilization (g/d)                                                                                                                                                                                                                                 
    Intake                                                                                                                     133.8                                                                136.1   136.2        133.7   4.50   0.10   0.34   0.64
    Excretion                                                                                                                                                                                                                                         
    Fecal                                                                                                                      42.4                                                                 41.7    45.7         43.8    5.14   0.18   0.87   0.95
    Urinary                                                                                                                    32.9                                                                 21.1    29.0         19.7    0.63   0.04   0.15   0.23
  Balance                                                                                                                                                                                                                                             
    Absorption                                                                                                                 91.4                                                                 94.4    90.5         89.9    2.01   0.03   0.37   0.78
    Retention                                                                                                                  58.5                                                                 73.3    61.5         70.2    2.56   0.01   0.04   0.05
  Purine derivative (mmol/d)                                                                                                                                                                                                                          
    Excretion                                                                                                                  167.9                                                                162.9   159.7        159.3   7.25   0.94   0.35   0.32
    Absorption                                                                                                                 160.9                                                                155.0   151.3        150.8   8.18   0.17   0.39   0.33
    MN supply (g N/d[^c^](#tfn14-ajas-26-8-1127-9){ref-type="table-fn"})                                                       117.0                                                                112.7   110.0        109.6   2.55   0.16   0.15   0.25
    EMNS[^d^](#tfn15-ajas-26-8-1127-9){ref-type="table-fn"} (g N/kg OMDR)[^e^](#tfn16-ajas-26-8-1127-9){ref-type="table-fn"}   46.8                                                                 45.1    44.0         43.9    3.83   0.29   0.11   0.98

C = Control; L = Lemongrass meal; LP = Lemongrass meal and peppermint powder; LPG = Lemongrass meal plus peppermint and garlic powder.

Supplemented diets.

Microbial N supply.

Efficiency of microbial protein supply (g N/kg OMDR).

DOMR = Digestible OM apparently fermented in the rumen (assuming that rumen digestion was 650 g/kg OM of digestion in the total tract, DOMR = DOMI×0.65; DOMI = Digestible OM intake).

[^1]: Department of Plant Science and Natural Resources, Faculty of Agriculture, Khon Kaen University, Khon Kaen, 40002, Thailand.
